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Twenty-one women students  enrolled  in an intermediate 
tennis  class were used as  subjects   in this  study  to determine 
the  effects   of certain psychic  stressors   inherent  in compe- 
tition on  the  discriminatory-reaction and movement   time  of 
the   tennis   forehand and backhand backswings.     This   time was 
measured with  a  specially  constructed  apparatus   consisting 
of an electrical  stimulus  unit,   a photo-electric response 
unit,   and an electrical   timing unit. 
A   total of seven  testings   took place.     The  first 
three  established the  base  conditions  and the   next four were 
the experimental  conditions  of individual competition,   team 
competition,   self-competition and spectator  observation.     A 
Fisher's   "t"   test was  used as   the   statistical   treatment to 
determine   the  significance   of  difference  between   the  means 
of  the base   testings  and  the  four experimental  conditions, 
and between  the means   of  the   four experimental conditions. 
The  analyses   of   these   data  revealed   that   there  was   a 
significant   improvement  between  the   mean base   score   and   the 
experimental   situations   of  individual,   team,   and   self- 
competition.     Further  analyses   indicated  a  significant  dif- 
ference  between  the experimental  conditions  of individual 
competition and self-competition,   team competition and spec- 
tator observation,   and self-competition and spectator obser- 
vation. 
These   findings  would   seem  to   indicate   that   the 
stressors inherent in some types of competition can improve 
the discriminatory-reaction and movement time associated with 
tennis and that perhaps this improvement might enhance tennis 
playing ability. 
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CHAPTER I 
INTRODUCTION AND STATEMENT OF PROBLEM 
Whether it be a corner sand lot rivalry, a squad 
scrimmage in a physical education class, an intramural 
activity, or an intense intercollegiate contest, competition 
is one of the most important underlying ingredients which 
dominates the game.  Inherent within all games, regardless of 
the level of skill, is the competitive element. 
Recognizing this, the teacher of sport and games has 
an obligation to investigate what effect, if any, competi- 
tion has on both the players themselves and their perform- 
ance.  Often it has been the opportunity of physical educa- 
tion teachers or coaches to see in some students a relaxed, 
smooth, rhythmic movement pattern in practice, and then to 
see this pattern change at the last minute into awkward 
motions when the same students are involved in an intense 
competitive situation.  Also, situations are frequently seen 
where the students perform only moderately well during a 
practice period, but when placed in a highly competitive 
situation their grace and ease of motion in the game distin- 
guishes them as the "star." 
Obvious to the observer is the apparent fact that the 
components of competition or the types of competition itself 
are responsible for bringing about this unexpected 
performance.  What are these components of competition, and 
what effects, if any, do they have on students? 
Physical educators have been interested in many ques- 
tions with regard to competition.  Does the stress of compe- 
tition cause a simple patterned reflex to become a complicated 
thought process? Does the stress of competition cause 
simple decision making to become awkward ineffective moments 
of hesitation or indecision? Does competition speed up 
learned movement patterns? Does competition inhibit speed? 
It was questions such as these, raised by the oppor- 
tunity to participate in, coach, and observe many types of 
competitive athletics, which prompted the writer to under- 
take the following study to determine what effects certain 
psychic stressors inherent in competition have on the 
discriminatory-reaction and movement time of the tennis 
drive backswings. 
STATEMENT OP PROBLEM 
This study was conducted to determine what effects 
certain psychic stressors have on the discriminatory- 
reaction and movement time of the tennis forehand and back- 
hand backswings as measured by a specially constructed 
electrical timing apparatus. 
The study also proposed to compare four forms of com- 
petition to each other in order to determine which of these 
acted as the most intense stressor. 
CHAPTER II 
REVIEW OF LITERATURE 
INTRODUCTION 
The pertinent reviewed literature has been divided 
into four main areas; stress, psychic stressors, reaction 
time, and the relationship of psychic stressors and reaction 
time.  Because of the voluminous amount of material avail- 
able on the Stress Theory, this area has been reviewed only 
as it relates to this study.  Particular emphasis has been 
placed on the psychological stressors of motivation and com- 
petition.  From the reviewed material a working definition 
of competition and its motivating components has been formu- 
lated. Emphasis has also been placed on the factors affect- 
ing reaction time, particularly the psychic stressors. 
STRESS 
Stress  as   defined by Selye   is  ".   .   .   the   state mani- 
fested by a specific   syndrome which consists of all   the non- 
specifically induced  changes within a biologic   system."   (9:5U) 
These  changes,   referred  to as   the  General Adaptation Syn- 
drome,   are  brought about by non-specific agents  known as 
stressors. 
Selye   (9)   has   theorized  that the   General Adaptation 
Syndrome   is manifested by three   phases:     (1)   the  alarm 
reaction during which the body recognizes a stressor as pre- 
sent and begins to draw upon the defensive forces in the 
organism, (2) the stage of resistance during which through 
neural and endocrine stimulation the various systems of the 
body act against the stressors, and (3) the state of exhaus- 
tion during which the body is unable to regain its homeo- 
static balance and exhauston or death occurs. 
The General Adaptation Syndrome mechanism affects 
virtually every system in the body; the main regulators 
being the brain, nerves, pituitary gland, thyroid gland, 
adrenal gland, liver, kidney, blood vessels, connective tis- 
sue, and white blood cells.  During the stage of resistance 
the nerves, through both the stimulation of the adrenal 
medulla and their own nature, produce an increase of adrena- 
line and acetylcholine.  These substances stimulate the 
pituitary gland. The pituitary produces three hormonal sub- 
stances, adrenocorticotropic hormone (ACTH), somatotropic 
hormone (STH), and thyrotropic (TTH).  ACTH stimulates the 
adrenal cortex to produce anti-inflamatory corticoids which 
reduces the number of white blood cells, stimulates growth 
of connective tissue, stimulates the liver to destroy or 
transform the corticoids, and increases the blood pressure 
by stimulating the kidney to produce renal pressor sub- 
stance.  It is thought that the STH stimulates the adrenal 
cortex to produce pro-inflamatory corticoids.  The third 
hormone, TTH, stimulates the thyroid gland which influences 
general body metabolism. 
The General Adaptation Syndrome may be  brought about 
by stressors either physical  or psychological   in nature. 
Selye   stated that  "...   any one agent  is more  or less a 
stressor  in proportion  to  the degree  of its ability to pro- 
duce  stress,   that   is non-specific  changes."   (9:614.)     The 
exact  pathway of the  stressor  is not known,   but  the  theory 
of selective  conditioning,   in which people react differently 
to various   stressors  according  to their inherited and acquired 
characteristics,   is  one suggested by Selye   (9). 
The process  of  adapting to  these  stressors requires  a 
certain amount  of energy,   called by Selye   (9)   adaptation 
energy.     When this energy is  used by a  local  system,   exhaus- 
tion occurs   in  that system,   thus   causing more  energy  to be 
obtained from other reserves  or sources   in other parts  of 
the body.     When all of an   individual's  adaptibility or energy 
is  used up,   the General Adaptation Syndrome  becomes  irre- 
versible  and exhaustion and death occur.     Although it is not 
known exactly what adaptation energy might be,   one  of the 
postulates   concerning such energy is   that  a person is 
endowed with a  certain amount at birth,   depending on genetic 
background. 
Man can adjust   to many stressors,   but upon continued 
uninterrupted exposure   the     adaptation energy  is  finally 
exhausted.     This   theory suggests   that there might be   some 
relationship between the general adaptation energy and aging. 
Man has some choice as to the use of adaptation energy. A 
rather uneventful life would cause little energy to be used, 
whereas a more stressful life could utilize more.  Man can 
not lead a stressless life, but according to Selye (9) he 
can learn to conserve and cope with the sometimes damaging 
effects of stress. 
As has been noted, the stress response may be 
elicited by both physical and psychic stressors.  The 
studies reviewed in this section relate to the particular 
stressors of motivation and competition. 
In relation to the stressors of competition and moti- 
vation, Lazurus et. al. concluded that "... stress occurs 
when a particular situation threatens the attainment of some 
goal." (26:295)  The report pointed out that the type of 
motivation, the method of approach a subject makes to the 
situation, and the effects of strong emotion are all factors 
which influence a person's response to a stress situation. 
Selye indicated that "Heredity, age, previous exposure to 
stress, nervous stimuli, the nutritional state, and many 
other factors can affect both the production of the adaptive 
hormones and their effect on individual target organs." 
(31:627) 
Michael reviewed studies   conducted in relation  to 
exercise and stress  and found that  the   studies  supported the 
theory that repeated exercise conditions  the stress   adapta- 
tion mechanism.     He noted that 
The studies pointed out that the adrenocortical 
activity along with the autonomic nervous system 
are involved in adjusting to stress.  This ability 
to adjust is helped with exercise if we assume that 
the more sensitive response to stress reduces the 
time necessary to elicit a response and therefore 
lessens the duration of the adjusting phase.  The 
evidence indicates that adaptation to exercise pro- 
duces a degree of protection against emotional 
stress.  The increased adrenal activity resulting 
from repeated exercise seems to cause an increased 
reserve of streiods available to counter stress. A 
lack of activity was reported to reduce the ability 
to withstand stress, as if the reaction to a shock 
is a "learned" process. (28:53) 
In a study concerned with exercise and stress, Massey 
(l+O) found that physiological changes associated with stress 
occurred in college women following the exercise program 
demanded by the Harvard Step Test. 
A great deal of research has been conducted to deter- 
mine the effects of the emotional stressor of motivation 
upon performance.  In a study dealing with motivational 
stressors, Ulrich and Burke (35) found that motivational 
techniques produce a greater work output than no motivation, 
and that those situations suggesting success produce greater 
gross mechanical efficiency than those operational situa- 
tions which were neutral or suggested failure. 
Nelson (14.1) used different motivational techniques to 
determine their effects on physical performance testings. 
He found that normal instructions, instructor interest and 
verbal encouragement did not alter significantly performance 
levels, while competition, fictitious situations, presence 
of an observer, and ego-involvement did alter performance 
levels. 
In a study to investigate the effects of motivation 
upon performance in a learning and performance task, Zimny 
(lj.8) found that incentive instructions had a significant 
effect only through the first half of the test, but such 
effects were not apparent when the entire task was considered, 
thus suggesting that motivation of incentive instructions to 
be transitory. 
A considerable amount of work has been done dealing 
with the effect of competition as a motivator and a stres- 
sor.  By measuring the galvanic skin response, systolic and 
diastolic blood pressure and pulse rate, Harmon and Johnson 
(17) found the emotional states of football and track 
athletes changed before a competitive event and that this 
change varied according to the importance of the game. 
When the emotional states of football players and 
wrestlers were measured before a competitive event Johnson 
(22) found that wrestlers have more pregame change than do 
the football players.  He postulated that this might be due 
to wrestling being an individual sport where the success or 
failure of the event was dependent entirely upon the indi- 
vidual participant.  He also observed that those wrestlers 
who reported extreme tension prior to a match had less 
effective performance than those reportedly not as tense. 
By using various types of competition as incentives 
for sixth grade children Strong (33) found that competition 
using levels of aspiration and team membership increased 
performance on physical fitness tests significantly more 
than did competition against self, against someone of nearly 
equal ability, against someone of markedly different 
ability, and competition to establish class records. 
In a study of junior-senior high school boys and 
girls of both high and low motor ability, Stitt (U5) used 
competition based on individual incentive, class incentive, 
school incentive, and no incentive.  She reported that 
individual and class incentive improved performance on gross 
motor activities, but added that when selecting competitive 
type incentives, age and maturation level should be an 
important consideration. 
In a study to determine how competition affects per- 
formance, in terms of quanity and quality of a simple task 
involving both mental and motor capacities of college stu- 
dents, Whittemore (36) found that more work, but of poorer 
quality, was turned out when there was competition than when 
the subjects were not competing.  He also reported greater 
fluctuation of individual performance with no competition as 
compared to performance with competition.  Whittemore (36) 
noted that there was no difference in results when material 
rewards were offered and concluded that the student's desire 
to excel was sufficient to bring forth their best efforts. 
Ulrich through employing various levels of competition 
for college women found that the anticipation, participation, 
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and denial of these stressors elicited the stress response. 
She concluded that 
In each instance the stress elicited in individuals 
(1) varies from situation to situation, (2) is 
related to psychological components in the stressor 
situation to a far greater degree than it is related 
to the components involving physical activity, and 
(3) is related to identifiable differences in past 
experiences which are relevant to the situation. 
(U.6S130) 
It has been noted that competition as a stressor has 
an effect on both emotional and physical performance. 
At this point it would serve to develop a working 
definition of competition and to determine its inherent com- 
ponents . 
Edwards (12) stated that courage, loyalty, determina- 
tion, joy in exercise, satisfaction in skills, and sensi- 
tivity to life are all components in competition. 
Cannon said that spectator approval works on the emo- 
tion of athletes and produces measurable physiological 
changes.  He also noted that 
... in the hazardous sports, in mountain climbing, 
in the hunting of big game, and in the tremendous 
adventure of war, risks, and excitement and the 
sense of power surge up together, setting free 
unsuspected energies and bringing vividly to con- 
sciousness memorable fresh revelations of the possi- 
bility of achievement.  (2:230) 
The need for self esteem and ego-defense, 3aid 
Lazurus et. al. (26) may tend to make a person center his 
attention on the goal wanted to maintain esteem, or it may 
tend to make the person leave the field and thus have the 
excuse of not trying. 
11 
For the purposes of this study, competition is 
defined as a motivated, goal-oriented endeavor which predis- 
poses opposition.  The motivating components inherent in 
competition are (1) the desire to achieve, (2) the desire 
for approval, (3) the desire to prove superiority, (I4.) the 
desire for self-realization, and (5) the desire to gain 
prestige.  Competition is an emotional, psychic stressor 
which elicits the stress response. 
REACTION TIME 
Reaction time is the time elapsing between the appli- 
cation of the stimulus to a sensory receptor until the 
moment of response.  This term is applied to those responses 
of a conscious nature.  Those responses of an unconscious 
nature are referred to as reflex times.  According to 
Karpovich (6) there is some relation between reaction and 
reflex times and it is often impossible to differentiate 
between reaction time and conditioned reflex times. 
According to Morehouse and Miller 
... a reflex is an invariable predictable response 
to stimulation of a particular type of receptor, and 
the response always accomplishes a useful purpose 
that is related to the nature of the stimulus.  (7:3^4-) 
The neurophysiological functionings of a reflex 
originate in the spinal cord.  This impulse travels along a 
motor nerve membrane fiber by means of local electrical cur- 
rents until it reaches the junction of the nerve fiber and 
muscle fiber.  Here it releases a chemical known as acetylcholine 
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which is responsible for transmitting the excitation to the 
muscle membrane.  This substance is then destroyed by the 
enzyme cholinestererase.  It is still not known how the 
muscle membrane distributes the excitation over the length 
of the muscle fiber. 
The voluntary muscle acts which are associated with 
reaction time originate from certain areas in the cerebral 
cortex.  The impulses from the cortex travels through the 
corticospinal tract where most of the fibers cross to the 
opposite sides of the medulla and result in the left side of 
the cortex controlling movement on the right side of the 
body and the right side of the cortex controlling muscle 
movements on the left side of the body. The cerebellum 
coordinates these activities by being constantly supplied by 
stimuli which indicate the position and action of the muscles 
and joints. Karpovich (6) maintained that most of this 
guidance and coordination is purely reflex. 
Morehouse and Miller (7) differentiate the volitional 
from the reflex activity by the unpredictable nature of the 
volitional response. This unpredictability is attributed to 
the type of stimulus and to the past experiences of the per- 
son. They added that thought slows down the response to 
stimuli and even occassionally misinterprets the stimuli and 
gives an inappropriate response. 
When transmitting an impulse, a neuron obeys the all- 
or-none law.  That is, when the stimulus reaches a certain 
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threshold the impulse is transmitted. When the stimulus is 
greater than threshold value, although it has no effect on 
the quality of the impulse, it may irradiate and cause con- 
traction of adjacent neurons.  According to Rasch and Burke 
(8) the varying muscle responses are not due to the stimulus 
intensity but rather to the number of neurons stimulated and 
the frequency of these stimulations. 
When an impulse travels from one neuron to another it 
crosses a synapse.  Rasch and Burke suggested that 
Because of their variable resistance, synapses may 
tend to be selective and to direct the pathway of 
the nervous impulse, nervous impulses resulting from 
feeble stimuli being conducted across only the 
synapses with low resistance, but nervous impulses 
resulting from powerful stimuli crossing those with 
high resistance as well.  (8:100) 
For this reason any impulse may tend to follow the path of 
least resistance. 
Reaction time is affected by many variables including 
age, sex, fatigue, activity involvement, and stimuli. 
Hodgkins (20), Karpovich (6), and Morehouse and Miller (7) 
reported that the fastest reaction times are between the 
ages of twenty-one and thirty.  Teichner indicated that 
"Reaction time is a slowly falling growth function of chron- 
ological age until thirty years after which it is a slowly 
rising function." (314.:H|4) 
Karpovich (6) and Morehouse and Miller (7) concluded 
that men have faster reaction times than women.  This has 
been supported by Teichner (3U).  Hodgkins (20) also found 
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that men have  faster reaction  times,   but   that women maintain 
their peak speed longer  than men. 
Because   of the  suggested importance  of reaction  time 
to  success   in athletics many studies have been conducted  to 
determine  the reaction  times  of athletes  as   compared to  non- 
athletes.     These  studies   (3)   (32)   (1+7)   (29)   (38)   (1+3)   con- 
ducted with high school  and college men supported the hypo- 
thesis   that athletes do have   the   faster reaction  time.     In 
one   of the  few studies   dealing with the reaction   times  of 
women athletes  as  compared to non-athletes,   Youngen   (37) 
found that the  athletic   group was   significantly faster than 
the  non-athletic group. 
Knapp   (25)   in a  study comparing reaction   time  of   top 
class  racket players   to research students  found a highly 
significant difference   in favor of  the racket players.     She 
suggested  that   this  factor may be   one   of   the prerequisites 
to  the  players  success. 
Morehouse   and Miller   (7)   said  that  reaction time   is 
affected by  the nature   of  the   stimulus,   and that   the  stimuli 
of  sound and  touch result  in faster reaction  times  than do 
visual  stimuli.     Slater  Hammel   (32)   and Wilkenson   (i+7)   both 
report  that subjects had faster  times with a  kinesthetic 
stimulus   than with a visual stimulus. 
In a  study conducted to determine   the   effect  of motor 
oriented and  stimulus   oriented sets  on reaction  time  and 
speed of arm movements   of college men and women,   Henry   (18) 
15 
found that   the motor  set,   in which the   subjects were  asked 
to concentrate   on  the   desired movement,   caused slower reac- 
tion time   and speed of arm movement  than  the  sensory set,   in 
which  the   subjects  were  asked  to  concentrate   on   the  given 
stimulus,   and that   there seems   to be  a natural  tendency among 
individuals  to prefer either the sensory or motor set.     From 
this evidence  Henry   (18)  postulated  that   thought slows  down 
response speed. 
In a study dealing with the   effect of  task complexity 
upon reaction  time  response,   O'Brien  (l±2)  found that   the 
more  complex the  succeeding task,   the  slower was   the reac- 
tion time.     He   also observed  that athletes do not have 
faster  reaction times   in activities  resembling the sports  in 
which  they excel. 
Teichner summarized  that  "Reaction time   is  not 
related to  the   length,   direction,   or speed of movement of 
the responding member."   (3k• Ikk)     This   is   in accord with 
studies   (38)   (20)  which reported  there   to be  no significant 
relationship between reaction time and speed of movement. 
Most of   the   studies  reviewed were   concerned with sim- 
ple reaction time.     That  is,   the   time  elapsing between a 
stimulus  and a given single  response.     According  to Oleson, 
(29)  stimuli   that   call  for  the  subject   to choose  between  two 
possible responses   are  referred  to as   choice reaction  times, 
and  those   that require   the  subjects   to choose  from among 
three  or more responses  are   known as  discriminatory-reaction 
16 
times. 
PSYCHIC STRESSORS AND REACTION TIME 
The effect of excitement, fear, anxiety, and tension 
associated with emotional stress, particularly as it relates 
to competition, upon reaction time and speed of movement is 
of particular concern to physical educators and athletic 
coaches.  Does motivation, especially that of competition, 
increase or impair muscle performance, reaction time, or 
speed of movement? 
DeVries (ij.) indicated that under normal conditions of 
activity only a certain number of the available motor units 
are used.  However, when emotional excitement occurs, 
increased hypothalamus activity increases the number of motor 
units used and this, plus the increase in the amount of 
adrenaline supplied by the nerves to the muscle fiber, acti- 
vates possible antagonists of the desired movement and may 
result in performance decrements. 
Rasch and Burke (8) supported the view of DeVries (U) 
by stating that "... the removal of excess general tension 
minimizes the output of irrelevant motor impulses, allowing 
the conditioned reflexes for contraction and inhibition to 
occur." (8:115)  They indicated that the expert performer is 
more strongly conditioned in patterns of contraction and 
inhibition than the beginner and thus the expert performers 
are bothered by only the more intense stressors. 
Morehouse and Miller stated that 
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The degree of muscular tension during the perform- 
ance of an activity affects the energy requirement 
of the task, the rate of movement of body parts, and 
the onset of fatigue. (7:56) 
They also recognize that tension is affected by both mental 
and emotional experiences. 
When a choice or discriminatory response is called 
for, Grice indicated that 
In cases where the correct response is initially 
weaker in habit strength than competing responses, 
or where there are such a large number of competing 
responses that there is a high probability of one 
or more of them being stronger that the correct one 
at any particular instant, increases in motivation 
should lead to performance decrements. (16:71) 
In agreement with this, Castaneda and Palermo (11) suggested 
that if the habit strengths of correct responses are greater 
than the incorrect responses, increase in drive will result 
in a facilitation of performance, however, if the incorrect 
responses are greater than the correct responses, then a 
drive increase should result in impairment of performance. 
Farber and Spence (11+) conducted a study on the 
effect of anxiety on reaction time and found that reaction 
time was unaffected by anxiety which was produced by the 
stress of an electric shock or the stimulus complexity of 
bright and dim lights.  They measured anxiety by the Taylor 
Manifest Anxiety Score. 
Kamin and Clark (23), by using the Taylor's Manifest 
Anxiety Score, found that subjects with reportedly high 
anxiety had both slower simple reaction times and motivated 
reaction times, which dealt with the avoidance of electric 
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shock,   than  those  subjects with reportedly low anxiety. 
Castaneda   (10),   dealing with reaction time and response 
amplitude   as  a function of buzzer stimulus   intensity,   and 
anxiety as measured by  the  Taylor's  Manifest Anxiety Score, 
found a significant  increase   in both reaction  time and 
amplitude when the  stimulus   intensity increased.     He also 
found   that the high anxiety group  tended to be   slower at  the 
weak  intensity stimuli and faster at  the high intensity 
stimuli   than the  low anxiety group. 
A  study conducted by Henry   (18)   revealed  that using 
light  intensity and electric   shock as motivators   significantly 
improved  the  reaction time  and movement   time  of college men. 
Henry   (18)   attributed this   improvement  to  the   informative 
value   of  the stimuli  rather   than  to   the punishment of the 
shock  or  to a direct  facilitative  function. 
Ryan   (30)   found that   increased  tension  impairs per- 
formance   of a  difficult motor task,   but facilitates perform- 
ance  of a   simple motor  task.     In a  study conducted with male 
college  athletes,   Howell   (21)  found that both the   tense  and 
non-tense,   as measured by heart rate,   blood pressure, 
breathing rate,   and skin resistance,   improved significantly 
in   the complete motor response when being motivated by a 
shock prevention apparatus. 
Although the findings of the reviewed studies on the 
effect of psychic stressors on reaction time are contradic- 
tory,   it appears   that  the effect   is  dependent  on the 
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stimulus, the type of motivation, and the intensity of the 
stressor. 
SUMMARY 
This review of literature has been concerned with the 
stress theory, types of stressors, particularly those of 
motivation and competition, reaction time, and the effects 
of psychic stressors on reaction time.  The psychic stressors 
of motivation and competion can bring about the stress 
response which causes certain physiological changes known as 
the General Adaptation Syndrome.  It was found that psychic 
stressors have an effect on reaction time, but few studies 
have been conducted on the effect of competition as a stres- 
sor on reaction time.  As competition is inherent in ath- 
letics and physical education, and reaction time is an im- 
portant factor in athletic success, the need to study the 
effects of competition on reaction time seemed pertinent. 
CHAPTER   III 
PROCEDURES 
STATEMENT  OP   PURPOSE 
The purpose of this   study was  to find  the  effects  of 
certain psychic  stressors   inherent  in competition  on  the 
discriminatory-reaction  times  of   the tennis  forehand and 
backhand backswing. 
SELECTION  OP  SUBJECTS 
Twenty-one women students   enrolled in an  intermediate 
tennis class  at   the  University of  North Carolina at Greens- 
boro second semester,   1966-1967,   were   selected as   subjects. 
The  class met   two  times   a week at nine  o'clock  in  the morn- 
ing.     The   ages  of   the  students ranged from eighteen to 
twenty-one  years.     From stated information from the class, 
it was   determined that all of  the  students had had experi- 
ence   in beginning tennis  classes   and had had some  recrea- 
tion,   class,   intramural,   or extramural competitive   tennis 
experience. 
SELECTION  OP TESTING EQUIPMENT 
For  the purposes  of  this  study,   the   time elapsing 
between the   stimulus  of either a right and left light signal 
and  the desired reaction-movement   response  from a  specific 
stance will be referred  to as   the   discriminatory reaction 
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and movement  time.     In order  to measure   this   time  an elec- 
trical machine capable  of measuring the   stipulated  forehand 
and backhand tennis backswings had to be devised.     With  the 
helpful and understanding assistance of   the  University of 
North Carolina at Greensboro electrician,  Mr.  Gordon Lavers, 
an apparatus  consisting of a stimulus  unit,   response unit, 
and timing unit was constructed. 
The   stimulus unit consisted of two seventy-five watt 
light bulbs   that could be  seen through right and left direc- 
tional arrow openings   in the  front of a wood panel.     These 
openings were  twenty-eight  inches  apart.     The operation of 
these   lights was  controlled by microswitches  located in  the 
back of  the  panel.     Also located in the  back of  the   panel 
was  a momentary non-locking switch,   which when activated 
simultaneously with the  light  switch,   opened  the  circuit of 
the   timing unit.     The unit used for  timing was   the   Hunter's 
Model  120A Klockkounter.     The   clock was   connected  to the 
apparatus  via  inputs  one,   two,   six and eight   located in   the 
back  of  the clock.     This connection produced a short circuit 
between the   clock and   the response unit making  it possible 
to obtain a composite  score   for each subject by reducing the 
usual   time  drag of  the  clock. 
The response unit consisted of a photo-electric cell, 
a Model 1A Kodislide projector with a one hundred fifty watt 
bulb, and a small two inch by three inch floor mirror. This 
apparatus was  located twelve  feet  six  inches  from the  front 
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of the stimulus unit and was directly centered.  The photo- 
electric cell which produced its own voltage of between 3«3 
and I4..5 was mounted to a wooden arm brace which extended six 
and a half feet from the floor.  Located directly under the 
photo-electric cell was a wooden platform on which was 
placed the projector and mirror.  This arrangement permitted 
the beam of light to be projected vertically to the floor. 
When the beam was broken by a backswinging racket, the timing 
unit was closed, thus stopping the clock.  Because of the 
large width of the beam and the necessity of all the light 
diffusion being broken at once, black cotton material and 
black cardboard were wired and taped over the racket strings 
and narrow racket handle.  A complete electrical circuit 
drawing and placement diagram of the apparatus may be found 
in the Appendix. 
TEST ADMINISTRATION 
With the assistance of two graduate physical educa- 
tion majors trained in the use of the testing apparatus, a 
total of seven testing situations took place. Before the 
testing began, one class period was allotted for the expla- 
nation and demonstration of the testing procedure to the 
subjects.  The subjects were then allowed practice trials. 
A diagram of the subjects positioning in relation to the 
testing apparatus may be found in the Appendix.  The follow- 
ing instructions explained the total movement pattern to the 
subjects to facilitate their ability to simulate the 
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backswing of the forehand and backhand tennis drives. 
Stand with your feet parallel and a comfortable dis- 
tance apart facing the light panel.  The racket is 
to be held in a ready position so that the face of 
the racket is parallel to the floor and centered 
over the tape line in front of you.  Upon receiving 
the light stimulus, the racket is to be swung back 
in a linear plane approximately one hundred eighty 
degrees so that it passes through the photo-electric 
beam.  If you are right handed, take a forehand back- 
swing when the right light appears and a backhand 
backswing when the left light appears.  If you are 
left handed, take a forehand backswing when the left 
light appears and a backhand backswing when the right 
light appears.  This backswing must be accompanied 
with a step backwards in the direction of the swing. 
Once the beam has been broken, return to the ready 
position and await the next stimulus. 
Each testing consisted of ten trials of five backhand 
swings and five forehand swings.  The order of these trials 
varied from testing to testing but remained constant for all 
subjects during each particular testing period.  It was 
necessary to change the order of the trials to prevent the 
possibility of the subjects learning the sequences.  The 
order of these trials was determined by coin tossing.  The 
order of the trials may be found in the Appendix. 
Each of the seven testings was administered at the 
beginning of the tennis class for which the students enrolled. 
The first three testings were used to obtain a mean base 
score.  Every effort was made to reduce the number of stres- 
sors affecting the subjects during the first three testing 
periods.  The only people in the laboratory during these 
base testings were the two assistants who operated the test- 
ing apparatus.  The subjects were instructed to do their 
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best and  to respond as quickly as possible. 
The  next four   testings were   constructed  to provide   a 
competitive  situation and elicit an anticipated response 
conditioned by stress.     In order to determine   the  psychic 
stressors   of competition,   it was necessary  to formulate a 
definition of competition and  its   inherent components. 
References   pertaining to competition   (12)   (36)   (1+5)   (22) 
were studied and conferences were held with professors  in 
the   Physical Education Department at  the   University of North 
Carolina at Greensboro,   to discuss   the components   of compe- 
tition.     It was  decided that for  the  purposes  of   this   study 
competition would be   defined as  a motivated,   goal-oriented 
endeavor which pre-disposes   opposition.     The   components  con- 
sidered to be   inherent  in competition were   (1)   the desire 
for achievement,   (2)   the  desire  for approval,   (3)   the  desire 
to prove   superiority,   (k)  the desire  for  self-realization, 
and   (5)   the   desire  to gain prestige.     The  four experimental 
conditions   devised were   individual competition,   team compe- 
tition,   self-competition,  and competition involving  specta- 
tor observation. 
The   first  situation  involved  individual  competition 
against  the   other individuals  in the   class.     The   subject was 
sent alone   to  the  testing laboratory where  she was   told her 
mean base   score.     As   a motivational reward,   the  subject was 
told that  the  one person who  improved more   than any other 
member  in class   in relation  to  lowering her own base   score 
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would be given a dinner for two at  the restuarant of her 
choice.     Besides  competing against other  individuals   in the 
class,   it was  recognized  that   this  testing also  included 
some   degree  of  self-competition as  the subject was  also com- 
peting against a composite  score previously established dur- 
ing her first   three   testing sessions. 
The   second experimental  situation was one  of  team 
competition.     The class,   all meeting in the  laboratory at 
once,   was  equally divided by a split-ranking of mean base 
scores   into  two teams,   red and blue.     The   testing alternated 
from an   individual  on one  team to an  individual on  the   oppo- 
site   team,   with both  the   individual and team scores being 
announced after each subject's   testing.     It was  announced 
that  the winning  team,   the one which had  the  lowest com- 
posite  score,   would be  rewarded with coffee and doughnuts. 
The   third situation involved self-competition.     Before 
the   testing  session began,   each subject was  told her best 
previous  score.     Knowing this   score,   she was encouraged  to 
take  pride   in her performance  and was  urged to put forth her 
best efforts   in order  to perform at her best.     Throughout 
the   testing the  subject received verbal encouragement from 
both the  instructor and the   two assistants who were adminis- 
tering the   test. 
The   fourth situation was concerned with spectator 
observation.     Members   of the  staff of  the   Physical Education 
Department,   graduate  physical education majors,   undergraduate 
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physical education majors, and selected service class stu- 
dents of the University of North Carolina at Greensboro were 
invited to attend this testing.  Before this testing began, 
the subjects were encouraged by the instructor to perform 
better than they ever had on previous testings.  In addition 
they were told that the spectators would be moving in and 
out of the laboratory and would be observing individual per- 
formance.  The spectators were not given any instructions as 
to their conduct at the testing although they realized that 
the situation was experimental in nature and that their 
presence was intended to add a psychological stressor to the 
testing situation.  During this testing the measuring appa- 
ratus began to operate inconsistently and several subjects 
were required to repeat the sequence.  It was quite possible 
that the malfunctioning of the machine produced as much 
stress on the subjects as did the presence of the spectators. 
RECORDING THE DATA 
The discriminatory-reaction and movement time was 
recorded on individual five by eight inch index cards.  A 
sample of this score card may be found in the Appendix.  The 
recorded scores were read directly from the Hunter clock and 
were recorded to the nearest thousandth of a second. 
SUMMARY 
In order to fulfill the purpose of this study and 
determine the effects of certain psychic stressors inherent 
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in competition on the discriminatory-reaction and movement 
times   of   the backswing of the   tennis forehand and backhand 
strokes,   it was  necessary to construct a machine capable of 
measuring  this   time.     Twenty-one women students  enrolled in 
an intermediate   tennis  class were   chosen as  subjects.     Three 
control  testing situations   and four competitive   testing 
situations  involving  individual competition,   team competi- 
tion,   self competition,   and competition with spectator com- 
petition were   administered  to  the   subjects,   thus yielding a 
total  of seven  individual  scores. 
CHAPTER IV 
PRESENTATION OF DATA 
In order to measure the effects of certain psychic 
stressors inherent in competition on the discriminatory- 
reaction and movement times of tennis drives, seven experi- 
mental testings took place with a specially constructed tim- 
ing apparatus.  The subjects used for this study were twenty- 
one women students enrolled in an intermediate tennis class 
at the University of North Carolina at Greensboro, spring 
semester, 19&7. 
The first three testings recorded were considered the 
base scores, and the arithmetical mean of these scores was 
computed yielding what was termed the mean base score. 
These raw scores and means may be found in Table I. 
The next four testings were conducted under competi- 
tive situations of individual competition, team competition, 
self-competition, and competition involving spectator obser- 
vation. 
Null hypotheses were stated with regard to the rela- 
tionship between the base test score and each of the com- 
petitive test scores.  The first null hypothesis established 
was : 
(1)   There   is  no significant difference between  the 
discriminatory-reaction and movement times  of 
tennis  forehand and backhand backswings when 
TABLE I 
RAW SCORES AND MEAN OP THE 
THREE BASE TESTINGS 
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First Second Third 
Subject Testing Testing Testing Means 
Seconds Seconds Seconds 
1. 7.605 8.780 8.1+77 8.287 
2. 9.531 7.813 9.772 9.038 
3. 9.155 7.288 7.281 7.908 
h. 8.1+70 9.131+ 9.908 9.170 
5. 8.693 10.278 9.771 9.580 
6. 10.1+1+1+ 9.1+73 11.073 10.330 
7. 9.760 8.153 9.61+3 9.185 
8. 9.201 7-766 10.1+31+ 9.133 
9. 7.592 7.676 9.231+ 8.167 
10. 8.850 7.798 9.108 8.585 
11. 10.250 9.751+ 10.199 10.067 
12. 8.551+ 6.21+1+ 6.809 7.195 
13. 9.91+9 7.937 8.672 8.852 
llj-- 12.231 8.301 8.976 9.836 
15. 12.576 9.193 8.705 10.158 
16. 9.61+1 9.591+ 9.293 9.509 
17. 9.755 8.336 8.335 8.808 
18. 9.1+1+9 8.51+0 9.631+ 9.207 
19. 9.317 9.771+ 7.875 8.988 
20. 7.999 8.906 8.993 8.632 
21. 10.1+28 9.129 10.005 9.851+ 
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performed without  the psychic  stressors  of 
individual competition and  these discriminatory- 
reaction and movement   times  when performed with 
the psychic  stressor of  individual competition. 
The Fisher's  "t"   test for correlated means was  used 
to ascertain the  significance  of difference between  the mean 
base  score and the   experimental  condition.     The differences 
between mean and their  "t"  values may be  found in Table   II. 
A  five  percent  level of confidence was  deemed acceptable  to 
indicate  a statistically significant change between  the  con- 
trol   testing and the  experimental  testing. 
This  hypothesis was rejected at   the  one percent  level 
of statistical confidence.     Prom the data,   it was  assumed 
that   the  stressor of individual  competition did signifi- 
cantly change   the discriminatory-reaction and movement   times 
of   the group  that was  tested. 
The  second null hypothesis established was: 
(2)   There  is no significant  difference between the 
discriminatory-reaction and movement   times  of 
the   tennis   forehand and backhand backswings when 
performing without   the  psychic   stressor  of  team 
competition and   these  discriminatory-reaction and 
movement   times when performing with  the psychic 
stressor  of  team competition. 
The Fisher's  "t"   test for correlated means was used 
to  determine   the  significance of difference between  the  mean 
base  score and the  experimental  condition of team competi- 
tion.     The differences  between means  and  their "t"  values 
may be   found  in Table  II.     A five percent  level of confi- 
dence was  deemed acceptable   to  indicate  a statistically 
significant change  between  the  control  testing and the 
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TABLE  II 
THE  SIGNIFICANCE  OP DIFFERENCE  BETWEEN  THE MEAN  BASE 
SCORE  AND   INDIVIDUAL  COMPETITION,   TEAM COMPETITION, 
SELF-COMPETITION,   AND SPECTATOR  OBSERVATION 
Test 
Mean 
Difference 
Individual 
C ompe t i t i on 
Team 
Competition 
Self-Competition 
Spectator 
Observation 
-.6923 
-1.0801 
-1.1187 
-.2250 
4.1233* 
9.0321+* 
6.201+7* 
.6543 
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experimental   testing. 
The hypothesis was  found not  tenable at the   one per- 
cent  level  of statistical  confidence.     It should be  noted 
that because  of absences  from the class   during  the   testing 
involving team competition,   the   data analyzed with  this 
testing have   three  less  scores   than do  the other experimental 
tests.     From these data,   it can be assumed that  the   stress  of 
participation in team competition was   intense  enough to 
change   the   discriminatory-reaction and movement   times  of the 
group   tested. 
The   third null hypothesis  established was: 
(3)   There   is no significant difference between the 
discriminatory-reaction and movement  times   of 
the  tennis forehand and backhand backswings when 
performing without  the psychic  stressor of self- 
competition and  these  discriminatory-reaction 
and movement  times when performing with the 
psychic  stressor of self-competition. 
The Fisher's   "t"   test  for correlated means was used 
to ascertain the significance  of difference between the   mean 
base  score  and the   experimental  condition.     The  differences 
between means  and their "f values may be found  in Table   II. 
A  five  percent level  of confidence was   deemed acceptable   to 
indicate   a  statistically significant change between  the   con- 
trol  testing and the  experimental testing. 
This  hypothesis was not  found  tenable at  the one  per- 
cent level of statistical confidence.     From the   data,   it 
would  appear that  self-competition as  a  stressor is  intense 
enough to produce  a change significantly different   from 
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chance in the discriminatory-reaction and movement times. 
The fourth null hypothesis established was: 
(I4.) There is no significant difference between the 
discriminatory-reaction and movement times of 
the tennis forehand and backhand backswings when 
performing without the psychic stressors of 
spectator observation and these discriminatory 
reaction and movement times when performing with 
the psychic stressors of spectator observation. 
The Fisher'3 "t" test for correlated means was used 
to determine the significance of difference between the mean 
base score and the experimental condition.  The difference 
between the means and their "t" values may be found in Table 
II.  A five percent level of confidence was accepted to 
indicate a statistically significant change between the con- 
trol testing and the experimental testing. 
The hypothesis was found tenable for the difference 
between the mean scores of no competition involving specta- 
tor observation and competition involving spectator observa- 
tion. 
In order to determine if any of the four forms of 
competition produced a mean which was significantly dif- 
ferent with regard to discriminatory-reaction and movement 
time, null hypothesis were established with regard to the 
relationships of these four competitive situations.  The 
hypotheses were: 
(1) There is no significant difference between the 
psychic stressors of individual competition and 
team competition. 
The Fisher's   ■*■   test   for  correlated means  was  used 
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to  find   the  significance   of  difference   among  the   scores. 
The  differences between the means   and  their "t"   values may 
be   found  in Table   III.     A  five   percent   level  of  confidence 
was   again  taken to indicate   statistically significant dif- 
ferences   among  the  relationships  of the   four competitive 
situations. 
This hypothesis was  found tenable. 
(2) There   is  no significant difference between  the 
psychic  stressors   of individual  competition and 
self-competition. 
The  Fisher's  "t"   test  for   correlated means was used 
to find the significance  of difference  among the   scores. 
The   differences between the means  and their "t"  values may 
be   found  in Table   III.     A  five percent  level of confidence 
was   taken  to indicate  statistically significant  differences 
among  the relationships  of the  four competitive  situations. 
This hypothesis was   found not  tenable  at   the   five 
percent  level  of confidence. 
(3) There   is no significant difference between the 
psychic  stressors  of  individual competition and 
competition under  spectator observation. 
The  Fisher's  "t"   test for correlated means was used 
to find the  significance  of difference  among the   scores. 
The   differences  between  the means  and their "t"   values   may 
be  found in Table   III.     A  five percent  level of confidence 
was   taken to  indicate  a statistically significant  difference 
between  this relationship. 
This hypothesis was  found  tenable. 
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TABLE III 
THE SIGNIFICANCE OP DIFFERENCE BETWEEN THE 
FOUR EXPERIMENTAL TESTINGS 
Test 
Mean 
Difference 
Individual Competition: 
Team Competition -.3906 
Individual Competition: 
Self-Competition - .1+263 
Individual  Competition: 
Spectator Observation      + .I4.673 
Team Competition: 
Self-Competition -.1106 
Team Competition: 
Spectator Observation      +.9383 
Self-Competition: 
Spectator Observation      +.8937 
1.01+35 
2.2i|.01** 
1.614.20 
.661*7 
2.5777** 
«■ Significant at  the one percent   level of confidence 
*# Significant at  the five percent   level of confidence 
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(14.) There is no significant difference between the 
psychic stressors of team competition and com- 
petition under spectator  observation. 
A Fisher's "t"   test for correlated means  was  used  to 
find   the significance  of difference among  the scores.     The 
differences between the  means  and   their "t"  values may be 
found  in Table   III.    A five percent level of confidence was 
taken   to indicate a statistically  significant difference 
between this relationship. 
This hypothesis was found  tenable. 
(5) There   is no significant difference  between  the 
psychic  stressors   of team competition and compe- 
tition under  spectator observation. 
A Fisher's  "t"   test for correlated means was used  to 
find   the  significance  of  difference among  the scores.     The 
differences between the means  and   their  "t"  values   may be 
found  in Table   III.     A five percent level  of confidence  was 
taken  to indicate a statistically significant  difference 
between this relationship. 
This  hypothesis was  found not tenable at   the   five per- 
cent   level  of confidence. 
(6) There is no significant difference between the 
psychic stressors of self-competition and com- 
petition under spectator observation. 
The Fisher's "t"  test for correlated means was used 
to  find the  significance  of difference  among the  scores. 
The differences  between the means  and  their H*  values may 
be   found  in Table   III.    A  five percent  level of confidence 
was   taken  to indicate a statistically significant difference 
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between  this relationship. 
The hypothesis  was  found not tenable   at  the   five  per- 
cent  level  of confidence. 
SUMMARY 
Null hypotheses were established regarding the sig- 
nificance   of difference between the  discriminatory-reaction 
and movement   times  of  the  tennis  forehand and backhand back- 
swings when not  involved in competition and  these   times   when 
involved with the psychic  stressors of individual competi- 
tion,   team competition,   self-competition,   and competition 
under  spectator observation.     A five percent level  of confi- 
dence was   assumed to be  significant of statistical   differ- 
ence  between these  variable.     The Fisher's  "t"   test for  cor- 
related means was  used  to determine   the  significance of  this 
difference. 
This   statistical analysis revealed that  there was a 
significant difference between the mean base  score   and   the 
experimental situations  of individual competition,   team com- 
petition and self-competition.     There was no significant 
difference between the mean base  score  and the   experimental 
condition of spectator observation. 
Null hypotheses were  also established regarding the 
significance  of differences among the  four competitive   sit- 
uations  of individual  competition,   team competition,   self- 
competition,   and competition under spectator observation. 
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The Fisher's  "t"   test  for correlated means was used to 
determine   the  significance of difference  of   these   scores   and 
the  five  percent   level of confidence was   judged to be  indic- 
ative  of significant statistical  differences. 
A statistically significant  difference was  found 
between the  variables   of  individual competition and self- 
competition,   team competition and spectator observation,   and 
self-competition and spectator observation. 
CHAPTER V 
INTERPRETATION OF DATA 
In order to compare the base testing to the four 
experimental testings a single score had to be chosen to 
represent the three base scores.  It seemed unlikely to 
chose one of the single base scores because of uncon- 
trollable physiological conditions such as fatigue or uncer- 
tain psychic stressors which might have been impinging on 
the subjects.  The first score would have been especially 
unrealistic to use for even though the subjects had been 
introduced to the testing apparatus it is possible that the 
apparatus or the testing situation itself produced some 
degree of stress.  It was decided after reviewing literature 
dealing with reaction time (lj.3) U|2) (38) that the mean 
would be the most accurate score to represent the base test- 
ings. 
When the five motivating components of competition, 
that is, the desires for achievement, approval, superiority, 
self-realization, and prestige, were selected and summarized 
from reviewed literature and conferences held with persons 
experienced with competition, it was decided that the four 
experimental conditions of individual competition, team com- 
petition, self-competition, and competition involving spec- 
tation observation would best represent and include these 
components. Besides being the most amenable to measurement, 
the four conditions seemed to encompass the various types of 
competitive situations in which a competitor might find him- 
self. 
It should be noted that when dealing with studies 
involving motivational techniques each situation will not 
necessarily serve to motivate each subject equally, but 
every effort was made to encourage or challenge each subject 
to the same extent.  The subjects were also assured that 
their grades or class standing would not be affected by 
their performance on the testings. 
When the mean base score was statistically compared 
with the four experimental conditions by use of the Fisher's 
"t" test it was found that the scores made during individual, 
team, and self-competition had significantly changed from 
the mean base score. 
The mean of individual competition was decreased, 
that is the discriminatory-reaction and movement time was 
faster than it had been during the base testings.  An inter- 
pretation of these data might suggest that when an individual 
feels his prestige or status threatened or when he is pre- 
sented with the opportunity to achieve recognition and 
obtain a reward, the motivation is strong enough as a stres- 
sor to improve the discriminatory-reaction and movement time 
of the tennis forehand and backhand backswings. 
The improvement of performance when involved in team 
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competition could suggest that when a person becomes a mem- 
ber of a team which is working toward a common goal, the 
stressors are great enough to improve the discriminatory- 
reaction and movement times of the tennis forehand and back- 
hand backswing.  This is in agreement with Stitt (k5)   and 
Strong (33) who both found that team membership signifi- 
cantly improved physical performance on fitness tests and 
gross motor activities. 
The psychic stressors involved with self-competition 
were also strong enough to significantly improve the 
discriminatory-reaction and movement time.  Although there 
was no extrinsic reward offered with this testing situation, 
apparently such a reward was not necessary to aid performance 
This is in agreement with Whittemore (36) who found that the 
student's desire to excel was sufficient to bring forth 
their best efforts.  The challenge to better their own per- 
formance was sufficient to decrease the discriminatory- 
reaction and movement time of the forehand and backhand 
backswings. 
When competition involving spectator observation was 
statistically compared to the mean base score it was found 
that the spectator observation resulted in the slowest time. 
Although Cannon (2) reported that athletes did have measur- 
able physiological changes associated with stress from spec- 
tator approval, there could be several explanations for this 
slower time.  As has been reported, the testing apparatus 
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functioned erratically during this testing and several of 
the subjects were required to repeat the trials several 
times.  These additional trials could have produced enough 
fatigue to significantly affect the scores. 
It is also conceivable that the combined stress of 
the erratic machine and the spectators presence was suffi- 
cient to bring about an inhibitory response and result in a 
performance decrement.  DeVries (l\.)  indicated that increased 
emotional tension increases the number of motor units used 
and this plus the increase of adrenaline to the muscle 
fibers could possibly stimulate the antagonists of the 
desired movement and decrease muscle performance. 
When the four experimental conditions were statisti- 
cally compared with each other it was found that self- 
competition resulted in the fastest time and was signifi- 
cantly faster than individual competition and spectator 
observation.  Perhaps in many competitive events the element 
of self-competition is one of the strongest psychological 
stressors or motivators.  This could be seen in the case of 
the outstanding performer whose skill is so seldom challenged 
by others that the true challenge or satisfaction comes from 
the betterment of his own performance.  Another situation 
might be described as the poorly skilled student who feels 
strongly the challenge of self-competition because, although 
he has little chance to actually win the event, the improve- 
ment of his own effort may be enough to sustain or motivate 
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further interest. 
The stressors of team competition produced the second 
fastest measurable time and was significantly faster than 
the spectator observation.  There was a greater improvement 
of scores with team competition than with individual compe- 
tition, although this was not a significant improvement. 
The comparisons of individual competition to team 
competition, individual competition to spectator observa- 
tion, and team competition to self-competition produced no 
significant differences among these types of competition. 
This does not imply that the discriminatory-reaction and 
movement times will not vary under these types of competi- 
tion because many competitive events are combinations of the 
above elements and not as isolated instances as were the 
laboratory operational situations. 
In summarizing the effects of certain psychic stres- 
sors inherent in competition on the discriminatory-reaction 
and movement times of the tennis forehand and backhand back- 
swings, it would appear that when compared to the mean base 
score, self-competition produced the fastest time, team com- 
petition the second fastest time, individual competition the 
third fastest time, and spectator observation the slowest 
time. 
When the four experimental conditions were statisti- 
cally compared to each other, it revealed a significant dif- 
ference between the competitive situations of individual and 
Uk 
self, team and spectator, and self and spectator, but no 
significant difference between individual and team, individ- 
ual and spectator, and team and self. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
This   study was  conducted to determine   the   effects of 
certain psychic   stressors  inherent  in competition on the 
discriminatory-reaction and movement  times  of the   tennis 
forehand and backhand backswing.     The  subjects   chosen were 
women students enrolled  in an intermediate   tennis  class  at 
the University of North Carolina at Greensboro. 
A  timing device consisting of an electric  light  stim- 
ulus unit,   a photo-electric response unit,   and a  sensitive 
electric   timing unit was  constructed as   the measuring appa- 
ratus.     The  subjects were given a  total of seven testings, 
the first   three  situations consisted of  the  base   testings 
and   the next  four were the  experimental   testings  of individ- 
ual competition,   team competition,   self-competition,   and 
competition  involving spectator observation. 
A Fisher's   "t"   test was used to determine  the signif- 
icance   of difference  between the   mean base   score  and  the 
four experimental  scores.     A five percent level  of confi- 
dence was   taken to  be   indicative  of a  significant statisti- 
cal difference between the scores.     The analyses  of  this 
data revealed that: 
(1) The stessors inherent in individual competition 
were strong enough to significantly improve the 
discriminatory-reaction and movement times   of 
Ip6 
the   tennis   forehand and backhand backswings. 
(2) The  stressors   inherent in team competition were 
strong enough to  improve  the   discriminatory- 
reaction and movement   time of the tennis fore- 
hand and backhand backswings. 
(3) The  stressors  inherent in self-competition sig- 
nificantly improved  the   discriminatory-reaction 
and movement times of the tennis   forehand and 
backhand backswings. 
(I4.)   The  stressors  inherent in competition involving 
spectator observation were not strong enough to 
significantly change   the discriminatory-reaction 
and movement  times of  the  tennis   forehand and 
backhand backswings. 
These findings   do not necessarily suggest  that the 
improvement of discriminatory-reaction and movement   time  in 
individual,   team,   and self-competition would improve   tennis 
play or performance,   but such a conjecture  is possible. 
A   Fisher's  "t"   test was  also used  to determine  the 
significance  of difference between each of the   four experi- 
mental  conditions  of individual competition,   team competi- 
tion,   self-competition,   and  competition  involving  spectator 
observation.     A  five percent level of confidence was  deemed 
acceptable   to  indicate a significant difference   in  the 
scores. 
The  result of this  statistical  analyses revealed a 
statistically significant difference  between  the variables 
of  individual competition and self-competition,   team compe- 
tition and competition involving spectator observation,   and 
self-competition and competition involving spectator obser- 
vation. 
The   statistical  analyses   did  not  show  a   significant 
U7 
difference between the variable   of  individual competition 
and   team  competition,   individual  competition  and  competition 
involving spectator  observation,   and   team competition and 
self-competition. 
Although the   data revealed an improvement  of the 
discriminatory-reaction and movement  times   in three   of  the 
experimental conditions,   it must be remembered that  these 
were   laboratory contrived situations  and for actual competi- 
tive   situations more   consideration should be  given to the 
degree  of  the performers   involvement rather   than  to the   type 
of  competition itself.     However,   within the   limitations  of 
the   interpretations   imposed by the   thesis,   it can be  sug- 
gested  that competition will affect  the   timing of  tennis 
strokes  and such change may be reflected  in the quality of 
play. 
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APPENDIX   A 
SAMPLE  SCORE  CARD 
NAME AGE 
ADDRESS 
UNC-G-  PHYSICAL EDUCATION  CLASSES 
1. 
2. 
3. 
TENNIS EXPERIENCE: 
COMPETITIVE ATHLETIC  EXPERIENCE 
CLASS 
TELEPHONE 
BASE  SCORES 
1. 
2. 
3. 
EXPERIMENTAL  SCORES 
1. 
2. 
3. 
k. 
APPENDIX   B--APPARATUS   ELECTRICAL   CIRCUIT   DRAWING 
insulated 
bracket 
I o 
OOOOOOOOOOOOOOOft. 
o 
o o 
o o 
o o 
oog 
o o o 
o 
o 
electronic 
counter 
manuel 
switch 
800000000000000$. 
o 
o o 
o 
o 
o 
§ o 
8000000000000000CO 
relay armature 
-> 
ampli fier 
output 
/ 
\ 
o- 
tine 
unit 
stimulus  unit 
table 
5' 
subject 
1 
3' 
response 
a 
unit 
2^' 
>v 
gs 
>D 
O 
i 
Z o 
W £ 
vn 
APPENDIX D 
TESTING DIRECTIONAL SEQUENCE 
Base Testing I 
Left 
Left 
Left 
Left 
Left 
Right 
Right 
Right 
Right 
Right 
Base Testing II 
Right 
Right 
Right 
Left 
Left 
Left 
Right 
Left 
Right 
Left 
Base Testing III   Experimental Testing I 
Right 
Left 
Left 
Left 
Right 
Right 
Left 
Left 
Right 
Right 
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Right 
Right 
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Left 
Right 
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Left 
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Experimental Testing II 
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Left 
Left 
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Right 
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Experimental Testing IV 
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Right 
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